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:1 
This invention relates to,.b.uilt-up..silica, and 
more particularly to. processes ,in- Which .nu.clei 
of high molecLflr we_!ght silica,..preferably .made 
by heating .a heel. of. silica.solab0ve 60 C., .are 
mixed wih an aquçous.disPersion.of, active çilica 
ruade :by .mixing .,an: alkali metal.-sflicae solu- 
tion with enough acid .,fo. give .a ptt .of 8.,to.10.7, 
the alkali metal-i0n..concenration being_below 
1 normal -in the presence of the act4,'ve, silica,.and 
heating the mixtuçe.-of nuc!ei .and active_.silica 
bove 60 ° C. at.a .ptt-,of. 8 to 10.7, whereby the 
active silica accretes..fo, the : nuclei  producing 
bui!t-up products. 
Various processes have:already bec n suggested 
for making sili,ca or sflicic, aCid .products by.neu- 
tra!izing, sodium silicate vith.an acid. , The me.th- 
ods usuaily produce silica s01s which in ,a ,short 
rime set up .t0 gels. In,.the transition from sol 
to gel the. colloidal .silica par.tic!es .10se their 
character as ultimate, discrçte partiqles :and 
corne an indistinguishable part of. ,the. unitary, 
reltively rigid, fixed gel. struct, ure. The silica 
gel bas been precipitated, according fo some proc- 
esses, in finely divided.formthat, iS,,as.micr0gel, 
.through .the .use of. agitation,, but..it, has hot 
hitherto beer recognized that any contr01 c0uld 
be exercised o,er ihe character of grov{th of the 
silica particles.. In other words, certain Condi- 
tions wre known .or believ, ed to produce sflica 
gel, and ny .modificati0ns.0f uçh c0ndiions 
were. only .belieed capable of changing .the 
physical properties of ihe P0duçts such as heir 
size, the basic chemical, stU.Cture .of the silica 
remainîng unchanged. .Si.mi!arly,. ft.er:treat- 
ments of formed silica..particles such .as:micro- 
gels bave been Pr0poed,..but. these 0bi0usly do 
hot involve a change in..the che.mC,al.Ch,aracter 
of the.silica being treae d. 
If is an object of.this .inve.ntion to provide 
process îor producing bUil-up, s_ilica .products. 
Another object is o pro, v.ide, procçs.ses in. Which 
nuclei of high m01ec.ar, we.ight .silica.are built 
up with amorph0us siliça by accretion...Another 
object is fo provide processes for producin:finely 
divided silica in thê. f0rmof particles buil up 
with dense, amorphous'silic .bY ç_creton. ' Other 
objects are to provid processes "m which-.uild- 
up of densesilica particles is effected by adding 
acid and a soluble sil.icate.to nuclei 0f-high mo- 
lecular weight Silica, .the yild, of. prodct  is 
high, and the product consists of-dep_se, ulti- 
mate particles .of. èlatiëy uniform .size. 
further object is fo .provide pr0césses ..fr pro- 
ducing fine sfliCa.!n aform us e,ful.$orinç0rpora- 
tion into rubbe..S a. Yrg..0Cï.fiH_er. 0ther 
objects will .app_ear hr_¢_infter. 
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Theforegoing and other obJects are accom- 
plished accordg fo this invention by processes 
c0mprising mixing nuclèi of high molecular 
weight si!ica,, pre.ferably: made. by.heating a heel 
5 of si!ica.sol aboye-60 ° c., With an aqeous dis- 
persiqn Of.active silica ruade by mixing an alkali 
metal silicate soluti9n with enough: acid fo, give 
a-pli of 8, to !7,.h.e. alkali .metal-ion concen- 
.trati0n .being below 1 normal i,n he presence of 
l0 the ,aCtive si!ça, and he.,.ating the mixture of 
. nuclei and active si'iiCaabove 60 ° C.. ai apH of 
 -8 to 10]7,wl{erèby!e aiie,silïCa./ccretes fo the 
nuclei. 
 In the procsses, of...his .invention active silica 
! 5 accretes, fo. saiable. ,nuc!ei fo effect, build-up. As 
used herein, ,he. wod "accrete" refers fo a grow- 
.ing together, that is,. an .adding on or buflding 
Up by growth, an}i 'açcreti0n" refers to this 
gradual external, ac]dit_in. In oher words, the 
g0 active,, silica, blç!s, up  l_n/the nuclei already 
present,.,..w:ith a. corr.¢spppdmg growth in size of 
the nuclei, ther £han. extending the nuclei by 
: adding, new. nuclei ,theretg. The. proportion of 
 Silica ccreted _is hOt 1.imite d and .may be a ser- 
25. eFal fold ,incease. over. the .mas_s of the or.igfiaal 
nuçlei. 
The.nuclei.empl0y¢ ir.a proc,ess of this inven- 
-tion. cons.ist of.. high m, 0_ecu=l_ar weight gilica. 
The nuclei must hae silanol groups, 
30 
 pesenton their.surfces, the ,silnol groups aP- 
parently .serv'm.g as a startLug .point for a con- 
35 densation xeaction with silanol gropps in thè ac- 
tive silica added.. Since.,all .si!ica surfaces Con- 
.tain .at least,,some silano!, gvp#ps .it is .apparent 
-that any. polymeric. siliCa su.trace may serve a 
nucleus fdz buildrup. H0we(er, the activê. Silica 
40 m,u be- liberated in thç .rçççtion .it{.re. at 
 rate hot inec, ess of ..th,at at..which the nuclei 
 can condense, with :t, e.lse .the açtiFe..sfiiC will 
-,condense w}çh ïitself ,and. gelling= will occur.. The 
rate at which the,nuclei/can take t{p ithe active 
45 isil:ica ,is' Pro:porti0nal..ito ,th .surface O f uch 
nuclei. F0r.instance , in.pne liter, of a 3 % Si.O 
..=Sol. c.o.ntaining sflça ,p_ai, cles. 30 mil]imiprgns in 
.diameter.-there is a ,total..silic sm'face are in 
the order of 3000 square,meters, whereas in a 
50. similar..sol in .which ,the !aticles Çre 1000 milli- 
microns-in, diameter,..thë surfa.ce area is n the 
ozder..of 90 squa, re m.eters. " #ence acti:'e silica 
could ço.nd.ense with the .latter pnly 9%000 or 
. as fast as with the for-me r, assuming the silanol 
5 grouP s per uuit sur_ace area are equal.. It ts 
.th.ereore preferred to employ as nuclei.high .mo- 
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lecular weight silica in finely divided form. Simi- 
larly, the processes are most effective for nuclei 
with surfaces containing a high proportion of 
sflanol groups, such as is the case with high mo- 
lecular weight silica freshly prepared by condens- 
ing active silica. 
Such high molecular weight sflica is especially 
advantageously made by heating a heel of sflica sol 
above 60 ° C. The sflica sol may be made by any of a 
number of methods with which the art is familiar. 
Methyl silicate may be hydrolyzed with water, as 
taught by Brimaux, Compt. rend. 98, 105 and 1434 
(1884); silicon tetrachloride may be hydrolyzed 
with water--see Williams U. S. Patent 1,539,342; 
sflicon sulfide may be hydrolyzed with water as 
taught by Fluery U. S. Patent 61,931; sodium 
silicate may be subjected to electro-osmosis as 
shown by Schwerin U. S. Patent 1,132,394; sodium 
silicate may be electrolyzed with a mercury cath- 
ode---see Collins U. S. Patent 1,562,940; or sodium 
ions may be removed from sodium silicate by jonc 
exchange resins as taught by Bird U. S. Patent 
2,244,325 or Voorhees U. S. Patent 2,457,971. 
The silica sol obtained by any of the above- 
enumerated methods should be heated for at least 
a few minutes at a temperature above 60 ° C. to 
polymerize the silica and .bring it to the high 
molecular weight condition in which it is suitable 
for use as nuclei. The rime required for such 
polymerization is inversely proportional to the 
temperature, being halved for each i0 ° C. by which 
the temperature exceeds 60 ° C. 
A method which has outstanding economic ad- 
vantages in the preparation ofsilica nuclei for 
use according to this invention consists in par- 
tially neutralizing a soluble silicate, such as sodi- 
um or potassium silicate, with an acid such as 
acetic, phosphoric, nitric, sulfamic, formic, sul- 
furic, hydrochloric, or carbonic, at a pli of8 to 11. 
The concentration of salt formed in the reaction 
should be kept as low as feasible and in any event 
below about 1.0 normal and preferably below 0.5 
normal by suitable choice ofthe SiO2:Na20 ratio 
of the silicate used and by the dilution of the re- 
action medium. This is important because too 
much salt in the heel bas a destabilizing effect 
on the active silica subsequently used in the build- 
up. 
The silica nuclei prepared by heating a silicate 
and acid as just described have a high molecular 
weight, that is, above about 50,000. This is sub- 
stantially higher than the molecular weight of 
the active sflica used for build-up later in the 
process. The molecular weight can be determined 
by the light-scattering method described by Stein 
and Doty, Journal of the American Chemical 
Society, 68, 159 (1946), using a light-scattering 
photometer such as that described by P. P. Debye, 
Journal of Applied Physics, vol. 17, May, 1946, 
or the B. S. Light Scattering Photometer of the 
Phoenix Precision Instrument Company as origi- 
nally described by Speiser and Brice, Journal of 
the Optical Society of America, vol. 36, page 364 
(1946). The molecular weight may, of course, 
be so high as to be undeterminable by such in- 
struments. When "molecular weight" is referred 
t, the weight average molecular weight is meant. 
Having selected or produced suitable nuclei of high molecular weight silica, the nuclei are mixed 
with an aqueous dispersion of active sflica accord- 
ing to a process of this invention. The active 
silica iS ruade by mxing an alkali metal silicate 
solution with an acid to give a pli of ,8 to 10.7. 
Thus the method for making active silica may be 
substantially the same as already described for 
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making nuclei; however, when the active silica is 
liberated in the presence of the already formed 
nuclei, it accretes fo these nuclei and new nuclei 
are hot formed unless the rate of liberation of 
5 active silica is too high. It will be understood 
that by "active" silica is meant silica of low mo- 
lecular weight in which polymerization by con- 
densation between sflanol groups has hot pro- 
ceeded to a predominant extent. Sflica which is 
10 freshly liberated by acidifying a soluble silicate is 
in this condition. 
The method for making active sflica thus con- 
sists in partially neutralizing an alkali metal 
silicate, such as sodium or potassium silicate, with 
15 an acid such as sulfuric or hydrochloric at a pli 
of8 to 10.7. This acidification occurs in the 
presence ofthe nuclei so that the liberated active 
sflica can immediately accrete to the nuclei. This 
liberation and recombination of the active silica 
ri0 in situ permits the salt formed by the reaction 
to be present without causing gelling. 
The amount of sali formed in the reaction plus 
any sali already present with the nuclei should 
be a total which gives an alkali metal ion concert- 
25 tration hot in excess of 1 normal in the reaction 
mixture. In other words, the alkali metal ion 
concentration should be below 1 normal in the 
presence of the active silica, and preferably below 
0.5 normal. This is controlled by suitable choice 
30 ofthe SiO2:NaO ratio of the silicate used and of 
the dilution of the reaction medium. Any dilu- 
tion or concentration of the solution which occurs 
during tà%e course of the reaction must be taken 
into account. It would, of course, be possible to 
3,5 remove alkali metal ions during the reaction and 
thus influence the alkali metal normality but 
under ordinary circumstances this is uneconomic. 
The acid added fo the silicate fo make active 
sflica in a process of this invention may be any 
40 acidulous material. It may be an aqueous solu« 
tion, such as a solution of sulÆuric or hydrochloric 
acid; it may be a gas, such as sulfur dioxide or 
hydrogen chloride; or if may be an acidreacting 
material such as an acidic salt. When acid solu- 
45 tions are used, especially with the stronger acids 
such as mineral acids, if is especially desirable 
to have quite violent mixing of the acid solution 
and the silicate. In the case of gaseous acids, 
the gas may be diluted with an inert gas to assist 
50 violent mixing. Solid cids may be used, such as 
sulÆamic and boric. The acid may be inorganic, 
such as phosphoric or nitric, or may be organic» 
such as acetic, formic, lactic, or acrylic. Hydro- 
fluoric acid is hOt preferred, partly because of the 
55 extreme difficulty of handling if and also because 
of its extreme activity which sometimes leads to 
local gelling. The acidulous salts, such as sodium 
bisulfate and sodium hydrogen phosphate can 
be used, but these are distinctly not preferred 
60 because they introduce alkali metal ions and tend 
to cause the alkali metal ion concentration to 
exceed 1.0 normal. Ammonium salts, such as 
ammonium chloride, act as acids and may be used 
if the ammonia formed is removed from the solu- 
65 tion, as by steaming. 
It is important fo avoid local concentrations of 
acid. This may conveniently be done .by adding 
the silicate ai a fairly slow rate .and dispersing 
if well through the system and then adding acid 
70 as a gas or in a fairly dflute state with vigorous 
agitation so as fo avoid any local concentration 
of acid. Alternatively, the silicate and tà%e acid 
are added fo the heel of nuclei separately but 
simultaneously, with intense agitation, as by pass- 
5 ing each of them through a pipe with intense 



local mixing Wih- he"heël. In -riother alterna- 
tive, the sodium silicate ïs ptialIy neuralized 
with acid until some 70 or 80 per cent of-the 
alkali is neutralized and thereafter mmddiately 
there is added ïurther quantifies-of acïd and 
silicate. If is much preîërrd,hbwever, fo add 
the silicate and the acid separately o a relatively 
large volume oï heel fo prevent local concentra- 
tion and possible gelling or gel formation. 
The amount of acid usedis..such as fo leave 
suflicient alkali in the mixture that the mixture 
will remain in the pH'rangefrom 8 to-10.7. 
low pli 10.7 the sflica is in a condition sucl{.that 
the particles can grow ,by the addiion 0f,further 
quantifies of silica-fo-hem. -Below pli 8 there 
is danger of gelling. 
It is preferred to maintain a Silica contnt in 
the heel of high molecular weigh silica of from 
about /4 per cent to about 5 per.cent of SiO2. 
The acidification may, if desired, be caried on 
out of contact with the sflica -nuclei provided the 
active sfliCa is caused to..accrete to such nuclei 
belote it bas become inact4ve through polymer- 
ization--that is, belote it.has aged or been heated 
fo an elevated temperature. 
The active silica, in a process of" this invention, 
is caused to accrete fo the silica nuelei bY mixing 
the active silica and nuclei and heatingthe mix- 
tuxe above 60 ° C. af a pli of 8 to 10.7. The mix- 
ing and heating may be effectèd-separately, but 
usually itis easier and more economiçal te carry 
on these operations simultaneously. I a par- 
ticularly preferred process, a heei Of high molecu- 
lar weight nuclei is ruade by heating a sflica sol 
above 60 ° C., active silica is mixed therewith by 
simultaneously adding a silicate, solution .and 
enough acid to maintain'thepH at from 8 to 10.7, 
and then heating to above 60 ° C. is. continued 
until the desired degree-of accretion bas been 
accomplished. 
The temperature of the mixture of active Sflica 
and nuclei during the accretion process is main- 
tained bove 60 ° C. and preferably ,between aïoout 
80 and 100 ° C. at atmospheric pressure, or af even 
higher temperatures at super-atmosph'eric pres- 
sures. The processes operate fastr.under pres- 
sure--that is, the rate of accretion of actiesilica 
to the nuclei occurs in a shorter rime. When 
operating at atmospheric pressure it-is preïerred 
fo operate close fo the ïooiling point,.and if the 
'boiling point is exceeded, water may 0e refiuxed. 
The reaction rate and the temperature are re- 
lated, and as the temperature increases the rime 
req.uired for a particular degree of-accretion or 
build-up is reduced. For a partieular set of con- 
ditions requiring 45 minutes for reaction af 95 °C., 
the rime required af other temperatures aïoove 60 ° 
C is shown by the expression 
2 o 
minutes, where T is the temperature in C. 
During the accretion process th e pli is"main- 
tained in the range ïrom 8 te 10.7. If wifi ,be 
v.ndersteod that all pli readings are. the.values 
as deterïnined on samples  cooled to30 ° C. 
The amount of accretion of active silica to the 
high molecular weight silica-nuclei may be con- 
trolled as desired. .In a particularly preferred 
" embodiment in hich a soluble silicate and an 
acid are simultaneously added to a heel of nuclei 
ade by heating a silica sol, the particles con- 
taining the nuclei may be built up by accretion 
:from a size ïoelow the limit .of resolution of the 
electron microscope--that is, ïoelow bou 5 milli: 

hins,: up" to-tlerrïge  Of from15 to 130 milli- 
-microns. The iartïcles so !oroduced "are dense, 
UbstantiàlIy  siherial, and surPrisingly uniform 
"in size. Thëy are excellent ruïober fillers. 
5 'The '.builta«p Silica producs prod.uced accord- 
ing t0 a prOcess Of this ïnvention may ïoe-obtained 
as precipitates-or as dipèriòns of colloidal par- 
ticlès--that is,as óls, dèpending upon the par- 
ticular conditions ëmplyed, the nuClei  used, and 
10 the degree Of acretion or ,buildup. The çre- 
cipitates may,befiltérèd off, vashed, and dried 
te obtain products onSisting Of the ïouild-up par- 
ticles. The  particles may oe agglomerated oy 
surface forces or by surface reaction during dry- 
15 ing, but ordinarfly such agglomerates are pul- 
Verulent and are éasfly :Broken down, as oy mill- 
ing into rubber 0n aruhber c0mpounding mill. 
If the buflt-fip prodUcts are in the form of 
sols, theymay'be precipitated, if desired, by 
20 vari0us methods. Byincreasing the alkali metal 
 ion ConcentratiOn substàntially precipitation 
-may. ïoe effectd. Simflarly,the pli affécts the 
stibflity of the dispêrsin, a çH near 7 favoring 
pecipitation. Alternativêly, a salt of a poly- 
25-valentruerai uch as calcium, magnesium, or 
Zinc may be added t0 coa.gulate the silica parti- 
cles and cause them to 'precipitate out. Sol.uïole 
salts of the metals, uch as the chlorides, sul- 
fátes, nitrates, sulfarnates, 5r other soluble salts 
30 may 'be used... Such prCipittiÙn vith polyvalent 
metal salts is the Subjectof United States patent 
applications, Ser. Nös. 99,351 and 99,353, both 
filed June 15, 1949, ,by Alexander, Iler andWolter. 
The invention wfll ïoe ,better uridersteod by ref- 
35 erence t0 the foilowing illustrative examples: 
Example 1 
A Silica Sol was ruade ,by removing sodi ,um ions 
from a sodium silicate solutio n, then adding ad- 
4Oditional Sodium sflïcate until rie SiO2:NaO 
 veight ratio was bout 35:1. The sol had an 
SiO content of 2.2 per cent. A-çortion oï the 
sol thUS obtained was heated fo boiling £or about 
10 minutes and additional portions oï the dilute 
45 Sol were added Whilë Continuing ïooiling, the total 
v01umeof biling s01 :being maintained substan- 
tially constant. The evap0ratior/at constant vol- 
urne vas continued ,until the silica content was 29 
per cent by weight. The sol ws then diluted 
50 back to 2 per cnt SiOn. 
To a heel consisting of 1590 ml. of the 2 per 
Cent sol prepared as ab0ve descri'bed there were 
added, simultaneously but separately, af stbstan- 
tially constant rate over a period o£ 3 h0urs, 
55 2070 ml. of a sodium silicate solution ruade by 
diluting a commercial sodium silicate solution 
Cor/taining 29.6 per cent SiOn-and having a 3.25 
SiO:Na:O veiht ratio fo an SioE connt oï 12 
" grains per 100 ml., and 6360 ml. o£ 0.36 normal 
60 sùlfuric acid solution. The temperature oï 95 ° C. 
.was maintained in the reaction pot during the 
entire process. The pit ,was maintained within 
 the range oï 9.5 to 10.3 and very vigorous agita- 
tion Was provided in the reaction zone. 
65 Ai the end of 8 hours the silica solution Waæ 
milky in appearnce. The silica particles there- 
in Were Precipitated by adding an equal volume of 
vigorously stirred solution of calcium chloride ai 
95 ° C., the calcium chloride solution containing 
70 the equivalent of 4 per cent by weight of CaO. 
The precïpitated fine silica vas filtered off, 
washed with hot Water, dried af 110 ° C. ïor about 
7 hours; án(ï ground to" 200 mesh. The product 
: öbtained was in"tlàe"Ibrni 'of pulVërulenY ággre- 
7--- es0fsîstantially phei'al/ disCréte; 
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ultimate particles. As determined by approxima- 
tion from electron micrographs, substantially all 
of the ultimate particles had an average diam- 
itir in thi range oï 15 to 130 millimicrons, the 
arithmetic mean particle was about 37 millimi- 
crons, and 93 per cent of the ultimate particles 
had an average diameter in the range from 18 to 
63, that is, from 0.5 fo 1.7 rimes the mean. Chemi- 
cal analyiis showed that the particles contained 
calcium, and because the calcium was readily re- 
moved by washing with hydrochloric acid with- 
out disrupting the ultimate particles, the calciurn 
was assumed fo be surface-reacted. 
Exemple 2 
This illustrates a process of the invention in 
which the heel of original sol is ruade by reaction 
of a soluble silicate and an acid. To a reaction 
vessel there was added 833 ml. of water and the 
water was heated fo 90 ° C. There was then rapid- 
ly added, with vigorous agitation, a sodium sili- 
cate solution containing 120 grains of SiO2 per 
liter and having an SiO2:Na20 weight ratio of 
3.25, and 126 ml. of 0.36 N sulfuric acid. The 
final sifica sol contained 0.5 per cent by veight of 
SiO2 and had a ptt of 9.2. This sol was heated 
for /2 hour af 90 ° C. There was then slowly 
added 458 ml. of the sodium silicate solution and 
1374 ml. of the sulfuric acid. The final silica 
concentration was 2 per cent. The additions were 
 ruade while maintaining the solution ata tem- 
perature of 85 to 95 ° C. and a ptt of from 8.9 fo 
10.1, the final pli being 9.8. The additions were 
ruade over a period of 4% hours. Aïter this rime 
the size of ultimate particlis in the system was 
in the range of 15 fo 130 millimicrons average di- 
ameter. 
The silica in the product thus obtained was 
precipitated by adding 400 ml. of the sol fo a solu- 
tion ruade by diluting 3.05 ml. of 2 molar calcium 
chloride, CaC12, with 400 ml. of water and ad- 
justing the pli to about 10. The rime of addi- 
tion was about 15 minutes and the solutions were 
both at room temperature. A precipitate of fine 
silica surface-reacted with calcium was obtained 
by filtration. This product was dried and round 
fo be similar to the product of Example 1. 
ExampZe 3 
This example illustrates a process of the inven- 
tion in which intermittent additions of sodium 
silicate are ruade fo a heel of silica sol and the 
silicate is then neutralized by gradual addition of 
acid. 
A silica sol, hereinafter referred fo as sol A 
was prepared by adding 250 parts by veight of 
0.45 normal sulïuric acid, over a period of 2 
hours, fo a solution of 600 parts by weight of 
sodium silicate containing 12 parts by weight of 
SiO2 in the ïorm of a 3.25 SiO2:Na20 weight ratiq 
sodium silicate. The final ptt of the sol was 8.9. 
A second sol, hereinaïter referred fo as sol B, 
was prepared by adding 250 parts by weight of 
0.43 normal sulfuric acid uniformly over a pe- 
riod of 2/2 hours fo a solution containing 400 
parts by weight of sol A and 200 parts by weight 
of sodium silicate solution which contained 12 
parts by weight of SiO2 in the form of sodium 
silicate having an SiO2:Na20 weight ratio of 3.25. 
ïhe final pli of this sol was 9.8. 
A third sol, hereinafter referred fo as sol C, 
was prepared by adding 200 parts byweight of 0.53 
normal sulfuric acid uniformly over a period of 
1 [2 hours fo a solution containing 400 parts by 
weight of sol B and 200 parts by weight of a sodi- 
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um silicate solution which contained 12_ parts by 
veight of SiO2 in-the form of a sodium silicate 
having an SiO2:Na20 weight ratio of 3.25. The 
final pli of this sol was 9.7. 
5 Aprecipitate of finely divided sflica was ruade 
from sol C by adding an equal volume of vigor- 
ously stirred solution of calcium chloride at 95 ° C., 
the calcium chloride solution containing the 
equivalent of 4 per cent by weight of CaO on the 
10 weight of the sflica. 
This application is a continuation-in-part of 
out applications, Ser. Nos. 65,526 and 65,524, filed 
Dec. 18, 1948, now both abandoned. 
We claire: 
]5 1. In a process for producing built-up silica 
the steps comprising heating a heel of sflica sol 
above 60 ° C. to make nuclei of high molecular 
weight silica, mixing said nuclei with an aqueous 
dispersion of active sflica ruade by vigorously agi- 
20 tating an alkali metal silicate solution with 
enough acid to give a pli of 8 to 10.7, the alkali 
metal ion concentration being below 1 normal in 
the presence of the active sflica and the rate of 
adding the active silica to the nuclei being not 
25 greater than that at which the nuclei can con- 
dense with it, and heating the mixture of nuclei 
and active sflica above 60 ° C. ata pli of 8 to 10.7, 
whereby the active silica accretes to the nuclei, 
precipitating the sflica product formed by the ac- 
,0 cretion process, and separating the precipitate 
from the reaction mixture. 
2. In a process for producing built-up sflica 
the steps comprising heating a heel of silica sol 
above 60 ° C. to make nuclei of high molecular 
35 weight silica, mixing said nuclei with an aqueous 
dispersion of active silica ruade by vigorously agi- 
tating an alkali metal silicate solution with 
enough acid to give a pli of 8 to 10.7, the alkali 
metal ton concentration being below 1 normal in 
4O the presence of the active silica and the rate of 
adding the active silica to the nuclei being not 
greater than that at which the nuclei can con- 
dense vith if, and heating the mixture of nuclei 
and active silica above 90 ° C. af a pli of 8 to 10.7, 
45 whereby the active sflica accretes fo the nuclei. 
3. In a process for producing buflt-up sflica the 
steps comprising heating a heel of silica sol above 
60 ° C. fo make nuclei of high molecular weight 
silica, mixing said nuclei with an aqueous disper- 
50 sion of active silica ruade by vigorously agitating 
an alkali metal silicate solution with enough acid 
fo give a pli of 8 fo 10.7, the alkali metal ion con- 
centration being below 1 normal in the presence 
of the active silica and the rate of adding the 
55 active sflica fo the nuclei being not greater than 
that af which the nuclei can condense with it, 
and heating the mixture of nuclei and active sflica 
above 60 ° C. af a pli of 8 fo 10.7, whereby the ac- 
tive sflica accretes to the nuclei. 
60 4. In a process for producing built-up silica 
the steps comprising heating a heel of sflica sol 
above 60 ° C. fo make nuceli of high molecular 
weight silica, mixing iaid nuelei with an aqueous 
dispersion of active silica ruade by vigorously agi- 
65 tating an alkali metal silicate solution with 
enough sulfuric acid to give a pli of 8 fo 10.7, 
the alkali metal ion concentration being below 1 
normal in the presence of the active siiica and 
the rate of adding the active sliica fo the nuclei 
70 being not greater than that af which the nuclei 
can condense with it, and heating the mixture of 
nuclei and active silica, above 60 ° C. ata ptt of 8 
fo 10.7, whereby the active silica accretes to the 
nuclei. 
75 5. In a process for producing built-up silica 
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the steps comprising heating a heel of sflica sol 
above 60 ° C. to make nuclei of high molecular 
weight silica, adjusting the pli of the heel to from 
8 to 10.7, simultaneously adding to the heel with 
vigorous agitation, an alkali metal silicate solution 
and enough acid fo maintain the pli af from 8 fo 
10.7, the alkali metal ion concentration of the heel 
being maintained below 1 normal and the heel 
being heated above 60 ° C. during said addition 
and the rate of adding the active silica to the 
nuclei being hOt greater than that af vhich the 
nuclei can condense with it. 
6. The process for the production of a finely 
divided silica comprising heating a silica sol above 
60 ° C., adding thereto with a vigorous agitation, 
a silicate solution and enough acid fo maintain 
the pli af from 8 fo 10.7, and continuing heating 
to above 60 ° C. and adding silicate and acid until 
silica particles precipitate, the metal salt concen- 
tration in the reaction mixture being no per- 
mitted to exceed 1 normal and the rate of aîding 
the active silica to the nuclei being hot grater 
than that af which the nuclei can condense With 
it. 
7. In a process for producing built-up silica the 
steps comprising heating a heel of silica sol above 
60 ° C. fo make nuclei of high molecular weight 
sflica, mixing said nuclei with an aqueous disper- 
sion of active silica ruade by vigoronsly agitating 

10 
bonic acid to give a pli of 8 to 10.7, the alkali 
metal ion concentration being below 1 normal in 
the presence of the active sflica and the rate 
of adding the active silica to the nuclei being hOt 
, greater than that at which the nuclei can con- 
dense with it, and heating the mixture of nuclei 
and active silica, above 60 ° C. ata pli of 8 to 10.7, 
whereby the active sflica accretes to the nuclei. 
GUY B. ALEXANDER. 
10 RALH K. ILER. 
FIEDERICK J. WOLTER. 
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